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(57) Abstract 

Water passes through a pump-compressor pipe (3) to the inlet of 
the working nozzle of the bottom hole injector (2). Gas-water foam 
from a low-pressure ejector (1) is pimiped into the space (6) between 
the pipes. A water-gas mixture with an acceptable gas content and 
the requisite high injection pressure into the seam is formed below 
the packer (4) at the outlet of the diffuser of the iiyector (2). The 
water-gas mixture passing through the hydrodynamic generator (5) 
produces elastic vibrations. The water-gas mixture is iiyected into 
the seam, the mixture effectively penetrating the pores and crevices 
of low permeability in the reservoir rock and a greater volume of the 
seam can be treated by the ii\jectiQn process. The proposed method is 
recommended for the exploitation of fields where the reserves are 
hard to extract and for the extraction of oil from heterogeneous 
seams of low permeability. The method permits the use of simpler 
technology, since it does not require specialized equipment at the 
surface for handling high-pressure gas. It also allows a substantial 
saving in materials and equipment and no major capital investment 
is needed when the method is applied under field conditions. 




Boga 



(67)Pe4>«paT 



4epe3 TpyfiH HKT (3) Ha bxoa b pafio^ee conjio safiotooro 
HHS8KTopa (2) nocTynaeT BOAa« a no HesTpgdHOMy npocTpancT- 
Ey (6) noAasT rasoBOA^nyEi neny ot HK3KOHanopHoro sseKTopa 
IIoA naKepoM (4) Ha bhxoab hs AH$$y3opa HHseKTOpa (2) 
oSpasyeTCfl BOAorasoBaa cnecb c npneMJiHHHM rasocoAepiaHHeM 
H TpefiyeMHH bhcokhm AaejieHHeM saKaMKH b njiacT« IIpoxoAa He- 
pea THAPOAHHaMH^ecKHA reHepaTop (5) BOAorasoBas cHecb npo- 
AyilHpyeT ynpyrwe KOJiefiaHHfl. BoAoraaoByn CMecb saKaqHsaBT 
B njiacT* npH 3T0H hpohcxoaht aip^eKTKBHoe npoHHKHOBeHHe bo- 
AorasoBoA cHecH b HH3KonpoHHuaeHHe nopu h TpeQHHU KOJiJieK- 
Topa H ocyqecTBJisieTca saKa^Ka c gBe/iHMeHHeM oxBara njiacra 

B03AeACTBHeM« 

Cnoco6 peKOHeHAyeTca msl paspafioTKH HecTopoKAeHHfl c 
TpyAH0H3BJieKa8HHHH sanacaHH a laKse A*na HSBJieqeHHSi hs^th 
H3 HeoAHopoAHux H cjiadonpoHHuasuHX njiacTOB. Cnoco6 ynpo- 
oiaeT TBXHOJiorHS, laK KaK hst HeoSxoAHHocTH opMueneHHa cne- 

UHaJIbHOA HdSeMHOfl TGXHHKH AJI9 nOAPOTOBKH fasa BHCOKOFO 

AaBJiBHHa* CynecTBBHHO SKOHOMflTca MaTepwajibHo-TexHHMecKHe 
cpsACTBa* HeT 6ojibiirHX KanHTajioBJioseHHA npu BHeApeHHM Mero- 
Aa B npoHucjioBux ycjioBHax* 
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CnOCOB PA3Pft50TKH HEOTJIHOrO n/IACTA 

HsodpeieHHe othochtcsi k HeipTeAOfiUBaioiiieft npoHUOJieHHOc- 
TH H MOieT 6uih 3il)i]ieKTHBH0 HCHOJibSOBaHO npH pa3pa6oTKe 
HeiiiTaHHx HecToposneHHA c TpyAHOHSBJieKaeMHMH sanacaMH Heiii- 

TH, 

5 HSBeCTHH CnOC06H pa3pa60TKH HetpTSIHUX MecToposAeHHft c 

npHHeneHHeM BOAorasoBoro BosAeAcTBHfl Ha njiacT ( Abt.cbha. 

CCCP N 1546616. MKH E21B 43/22. 1990r.: naT.CBIA N 3882940 
HKH 166-273, 1975r.). 

HeAocTaTKOM hsbbcthux cnoco6oB ABJiaeTCS HHSKaSI SIplpeKTHB- 

10 HOCTb paspagOTKH HBIPTSHUX HeCTOpOEAeHHA C TpyAHOHSBJlCKae- 

uuuH sanacaMH hgipth. 

HsBecTBH cnoco6 paspadoTKH HeijiTflHoro njiacia, BODMaiD- 
mf^ saKaMKy boau h rasa b HetpTSHoA njiacT oAHospeueHHO no 
pasAejibHUM JiHHHSH c nocjieAyBUHU cueoieHHeM hx aseKTupoBa- 
15 HHBH Ha saAaHHoA rjiydHHe ( Abt. cbha CCCP N 1810505 HKH 
E21B 43/22, i993r.). HeAociaTKaMH MSBecTHoro cnoco6a as- 
jiflDTca uajioe pacxoAHoe rasocoAepsaHMe npHroTaejiMBaeHoA 

BOAOraSOBOA CHBCH, CBasaHHOe C HeBOSHOSHOCTbD AOCTHieHHfl 
B TaKHX yCJIOBHflX CTpyAHUH aieKTOpOM OAHOBpeMeHHO BUCOKOrO 

20 snaMeHHS K03(|)(PHUHeHTa HHseKUHH m Tpe6yeHoro AaBJienM sa- 
KaMKH CHecH B HJiacT. HHSKaa aonieKTHBHOCTb oxsaia BOSAefl- 
CTBHeM HeoAHopoAHUx M cjia6onpoHHuaeMiix n/iacTOB m sna^H- 
TejibHHe HaTepHajibHue saTpaTH, CBSsaHHse c Heo6xoAHUocTbEi 
HcnojibsoBaHHfl cneuHajibHoA naseuHoA TexHHKH h o6opyA0BaHHa 

25 AJia noAroTOBKH Ha ycTbe rasa BucoKoro AaBJieHHa. 

SaAaMa H3o6peTeHHa - noBUieHHe aipipeKTHBHocTH BUTecne- 
HHs HetiTH H3 HJiacTa sa CMBT ysejiHMeHHa oxBaTa hboahopoa- 
Hux H cjia6onpoHKuaeuux njiacTOB BOSAeAcTBHBM npH noBumeHHH 

SiPlIieKTMBHOCTH npHroTOBJieHHa H SaKaMKH BOAOraSOBOA CMeCH B 

30 HAacT, paciHpeHHe npHMeHHMOCTH MBTOAa no reojioroipHSHMec- 
KHH ycAOBHaM cKBasHH, ynpoqeHHe TexHOAorHH h yuenbieHHe 



wo 95/23909 



PCT/RU94/00106 



2 

MaTepHajibHHX sarpaT. 

Sajasa flocTHraeica tbm, mo b HSBecTHOM cnocofie pas- 
pa6oTKH He(pTflHoro njiacia, BKJiDMaDiiieM saKa^Kg boau k rasa 
B HeipTflHofl njiacT oflHOBpeHeHHo no pasjiejibHHM jiuhhsm c noc- 

5 neRyiDHHM cMeiDHBaHHeM hx saeKTHpoBaHHeM Ha saaaHHofl rjiyfiH- 
He, corjiacHo H3o6peTeHHB b raaoBgn jihhhb) aaKaqHsaiDT npefl- 
BapHTejibHO nojiyqeHHyn Ha ycTbe CKBaaHHH CTaSHJibHyiD raao- 
BOWHgD neny, npHqea saKaqKy ee Beflyi ao o6pa(5aTHBaeMoro 
HHTepBajia nepipopauHH, rjie CMBHHBaBT neny h Bo^y b bhcoko- 

10 HanopHOM CTpyftHOM HHseKTope, a nojiyMeHHym BOfloraaoByB 
CMecb saKaMHBaiDT B njiacT nofl BosfleftcTBHSM ynpgrnx KOJie- 
6aHHlt. IIpH sTou: 

a) Ileng Ha ycTbe Jiywnre Bcero nojigqaib SBOKTHpoBaHHeM ng- 
TeM noAa^H rasa noA AaBJieHHeH 0,05-1,0 Mlla, a boah noA 

15 AaBJieHHeM 10,0-30,0 Mlla. 

6) BosAeftcTBHe ynpyrHMH KOJiefiaHHSMH npH saKaMKe b njiacT 
BOAorasoBofl CMecH Jiyqure Bcero ocynecTBJisiTb FHAPoAHHaMH- 
qecKHM renepaTopoM. 

B npeAJiaraeMOM cnocofie: b rasoBOAflHofl nene npH bxoab 

20 B CTpyftHHft HHseKTop Ha rjiyfiHHe sagoa cKBanHHH noA bjihahh- 
BM rpaBHiauHH cosAaeica AaBJieHHe, AociaToqHoe ajia sipobk- 
THBHoro CTpyftHoro CMeceo6pa30BaHHfl rasoBOAflHoft cmbch c 
AOCTaiOMHO BHCOKHMH H paCXOAHHM rasocoAepBaHHBM H saBJie- 
HHSM saKaqKH b njiacT; nocKOJibKy b nsHHofl chctbmb hoabmb- 

25 HOCTb rasa cynecTBSHHo yMBHbiaBTca, to npeAOTBpamaBTCfl 
paccjiaHBaHHB raso-BOAsiHofl cmbch npH abhbbhhh no oTBOAy 

CKBaBHH; BOSABflCTBHB HHSKOqaCTOTHHMH ynpyFHMH KOJieSaHHfl- 

MH npHBOAHT K AonoAHHTejibHofi AHcnepraqHH h noBHnaeT cia- 
6HJibH0CTb ofipasoBaHHa raaoBHAKOCTHoA chctbmh, a TaKSB 
30 cnocoScTByeT fiojiefi sipijeKTHBHOMg npoHMKHOBBHwrn rasoBHx ny- 

SHpbKOB H BOAH B HOPH KOJl/IBKTOpa nJiaCia HO BCBHg HHTBpBa- 

Jiy nep^opauHH cKBasKHH. qio hphboaht k gBejiHqeHHB oxsaia 
HBOAHopoAHHx H cjiafionpoHHuaeMHx njiacTOB npoiieccoM bhtbc- 

HBHHfl, H, B KOHBqHOM HTOre, K yBBJIHqBHHD K03lI)(pHqHeHTa H6- 

35 (pTBOTAaqH. 

OTCyiCTBHB H806X0AHM0CTH OOArOTOBKH Ha yCTbS rasa BHCDKO- 
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ro naBJieHHfl cyiecTBeHHo ynponjaeT TexHOJiorHD h npHBOAHT k 

3HaHHTejIbH0ft 3K0HOMHH MaiepHdJIbHHX H TBXHH^ieCKHX CpeflCTB, 
HBHgiHOCTH CyiIl6CTB8HHHX KanHTaJIOBJIOKBHHft flJIfl BHeflPBHHfl 

cnoco6a. 

5 Ha MepTBBe noKasaHo ycipoflcTBo fljia pea/iHsamiH npenjia- 

raeHoro cnoco6a. 

yCTpoftCTBO COflepBHT CTpgftHHft 3H6KT0p 1 C HHSKOHanOp- 
HHMH pa60MHMH XapaKTSpHCTHKaMH H nOBHIB8HHHM SHaqBHMBM KO- 
BdKpHUHBHTa HHIBKUHH ra3a, KOTOpHft gCTaHaBJIHBaSTCfl Ha BXO- 
10 flfi B 3aTpg6b6 CKBaKHHH, CTpgflHHfl SadoAHHft HHBeKTOp 2 c 
BHCOKOHanOpHHMH pafiOHHMH XapaKTBpHCTHKaMM K CpBAHHM 3Ha- 
16HH6M KOSmiPHUHeHTa HHSBKUHH, gCTaHOBJieHHHfl Ha cngcKaBMHX 

B CKBasHHg HacocHo-KOMnpeccopHHx Tpy6ax 3 BHoe nanepa 4, 
rHflpoflHHaMHqecKHft reHBpaiop 5. yciaHOBJieHHHft na BHxojte 
15 MHHBKTopa nofl naKepoM 4 Ha rjiydHne HHiepBajia nepipopaqHH 
njiacTa. B KaqecTBe raBOBOfl jihhhh Hcnojibsyeica MeiTpyfinoe 
npocTpaHCTBO 6. 

Cnoco6 ocymecTBJiflDT cjieRynnHM o6pa30M. B CKBasHHy Ha 
kojiohhb HacocHo-KOMnpBccopHHX Tpyd 3 (HKT) na rjiyfiHHy hh- 
JO TepBajia nepipopaqHH cnycKaDT rHjipoflHHaMHMecKHft reHBpaiop 
5, nanep 4 h cipyftHHft hhbbktop 2, Ha ycTbe KOJioHHy HKT 3 

06Bfl3HBaDT C BOROBOflOM BHCOKOFO flaBJieHHfl, a KO EXOfty B 

MeiTpyfiHoe npocTpancTBO noflKJiDqaiDT gcTaHOBJieHHHB b Tpy- 
6e HH3KOHanopHHft CTpgflHHft sieKTop 1, g KOToporo bxor b 

!5 pafioMee conjio laKse nojkKJimeH k BOROBoay bhcokopo jtaBJie- 
HHfl, a Bxofl B KaMepy cMemeHHS coeaHneH c rasoBofl jihhhbA 
HH3Koro flaBJieHHfl. Ha Ha^ajibHOM 3Tane. jio sanojiHeHHa mbk- 
TpggHoro npocTpaHCTBa 6 CKBaaHHH neHofl. CKBasHHy KOMnpec- 
CHpyiDT, fljifl qero. k rasoBofl jimhhh noRKJiioMaiDT CHaqajia kom- 

0 npeccop. Uocne sToro Ha pafioqee conjio saeKiopa 1 nowDT 
BOAy noA BHCOKHM (10-30 MHa) AaBJieHweM. a b Kanepy cmb- 
nieHHfl ras non hhskhm (0,05 - 1,0 MHa) saBJieHHeM. Hpn pac- 

nHJIBHHH BOflH BHCOKOFO flaBJieHHfl B HHBKOHanOpHOM CTpyftHOM 

sieKTope i o6pa3y6Tca nena bhcokofo pacxoflHoro rasocoflep- 
5 aaHHfl. KOTopyiD noflaiDT b MesTpyfiHoe npocTpancTBo 6 CKBasH- 
HH c H8BHC0KHM HanopHHM flaBJiBHHeM. fljisi yjiymeHMfl neno- 
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o6pa30BaHHSi h noBHieHHS CTa6HJibH0CTH rasoBOfliiHoA cuecH b 
BOAy Ao6aBJisiDT noBepxHOCTHoaKTHBHse H neHOCTafiHJiHSHpyioqHe 
BeiqecTBa. Hepes Tpyfiu HKT 3 Ha bxoa b pafioMee conjio sa- 
6oAHoro HHseKTopa 2 noAaDT BOAy» a no uesTpy6H0My npocT- 
5 paHCTBy 6 Ha bxoa b KaHepy CMeioeHHg 3a6oAHoro HHieKTopa 2 
noAaoT rasoBOA^Hyio neny ot HusKOHanopHoro aseKTopa 1. Ilpn 
npoABHseHHH no CTSoJiy Brjiy6b CKBasHHH AaBJieHHO b rasoBO- 
ASHoft noHe pacTBT h na rjiydHHe 3a6oa HaA naKepoM 4, cra- 

HOBHTCS AOCTaTOMHO BHCOKHM AM aOCeKTHBHOFO CTpyflHOFO HH- 

10 seKTHpoBaHHfl, TaK MTO noA naKepoM 4 na BuxoAe hs AH$<t)y30- 
pa HHseKTopa 2 oSpasyercs BOAora30Bas cMecb c npHeujieuHH 
rasocoAepsaHHeM h Tpe6yeHHH bucokhu AaBJieHHeH 3aKaMKH b 
njiacT. IIpoxoAfl wepes rHApoAHHaMHqecKHft renepaTop 5 boao- 
rasoBaa CMecb npoAyuHpyei ynpyrne KOJiefiaHHa h npH stom 3a 

15 c^e^ bhxpbbhx h AHHaMHiecKHX npoueccoB b renepaTope ao- 
nojiHHTOJibHo AHcneprHpyeicfl h ctafiHJiHSHpyeTca. IIoa BosAefl- 
CTBH6M K0jie6aHHA AaBJieHHfl BOAorasoByn CMecb saKaqHBaoT b 
njiacT, npH 3tom npoMcxoAUT sijiiiieKTHBHoe npoHHKHOBeHHe bo- 
AorasoBoA CHecH b HHSKonpoHKuaeuHe nopn h TpeqHHH kojijibk- 

20 Topa H ocynecTBJisieTCfl saKaMKa c yBejiHqeHH8M oxBaia njiacia 

BOSAeACTBHeM. 

6 HeKOTopux cjiyqaax npH HeAOCTaToqHOH nanope boau na 
ycTbe saKaMKy BOAoraaoBofl cmoch b njiacT npoBOAai 6e3 cne- 
UHajibHoro renepaTopa b nojie ynpyrnx KOJiefiaHHfl, cosAaBae- 

25 MUX npH pa6oTe aadoAnoro HHseKTopa 2. 

HHse npHBCAeH KOHKpeTHHA npHMep peajiHsauHH cnoco6a: 
nycTb HeipTaHafl njionjaAb sKcnjiyaTHpyeicfl mbtoaom HCKgccT- 
BeHHoro noAAepaaHHfl njiacTOBoro AaBJieHHfl h pasdypHBaeTca 
psAauH sKcnjiyaTauHOHHUx h HarHeiaTejibHux cKsasHH; meeica 

30 HarHOTaTejibHas CKBasHHa c 5- adAhoboA kojiohhoA, rjiy6HHa 
HHTBpBajia nepoopauHH 2700 mbtpob, npHeMHCTocTb 300 
Ky6.u/cyT npH 3a6oAHou AaBJieHHH 3aKaqKH 28 Hlla. 5 CKsasH- 
Hy cnycKanT KOJioHHy 2-x ahjAmobhx nacocHO - KOMnpeccopHHX 
Tpyfi c yciaHOBJieHHHMH na HeA aafioAHHM cipyAHHM HHseKio- 

35 poM, naKepoM h rHAPOAHHaMHMecKHM reHepaiopoM. CipyAHHA 

HHSeKTOP H rHAPOAHHaMHMeCKHA rOHepaTOP KOHCTpyKUHH "APMC- 
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ME/lHT".rjiy6HHa gcTanoBKH reHepaiopa 2705 m, naKepa 2700m. 
OcyiecTBJisiiDT nocaflKg nanepa. XapaKiepHCTHKH cipg^Horo sa- 
6oftHoro HHieKTopa paccMHiaHH corjiacHo MeioaHKe "fiPMC -r 
ME/IHT" no gcjioBHSM saKaMKH BOfloraaoBoft cmbch b njiacT h co- 

5 OTBeTCTByHJT yCTbSBOMg flaBJieHHB BOAH B BonoBOfle B 18 Mlla. 

MacTOTa h annjiHTgAa K0Jie6aHHft AaBJieHHs renepaTopa BHfiHpa- 

eiCfl B COOTBeTCTBHH C reOJIOFO-^IHSHMeCKHMH yCJIOBHSMH ASH- 

Horo MecTopoBAeHHfl no MeioAHKe, memttlics y aBTopoB na- 
TBHTa. MesTpyfiHoe npocipaHCTBo CKBaisHHH coeAHHaDT c nai- 

10 pyfiKOM, B KOTopoM gcTaHOBJieH HH3KOHanopHHft cTpgftHHft saeK- 
Top, ofiecneMHBaiDUHft cMemeHHe boah h rasa hhskofo AaBJieHHs 
c pacxoAHHM rasocoAepBdHHeM ofipasymmeflca neHH b 0,65-0,8. 
nocjie KOMnpeccHpoBaHHsi cKBasHHH Ha BXOA KaMepH CMeieHHfl 
sseKTopa noAKJiEjqafflT jihhhh) nongiHoro rasa, a bxoa paCoiero 

15 conjia saoKTopa h HKT ogBasHBaDT c boaoboaom. B cipyftHOM 
SKeKTope npoHSBOAHTca odpasoBaHHe rasoBOAflHoft neHH, koto- 
paa nocTgnaei b saTpyfibe cKBaiHHH noA Aas/ieHHeM 0,3-0,5 
MDa. Ha 3a6oe CKBaHHHH naA naKepou AasjieHHe b rasoBOAflHOft 
nene AOCTHraei 8-9 MHa. B saSoftHOM HHseKTope nena cMeniH- 
20 BaoTCfl c nocTynaDneJi no HKT boaoA h nocTynaei noA nanep c 
AaBJieHHSM 28,5 MDa c pacxoAOM 3,5 Ky6.AM/ceK. mto coot- 
BOTCTByeT npHeuHCTocTH CKBasHHH npH AaHHHx ycjioBHflx. Pac- 
xoAHoe raaocoAepKaHHe oepasyDneftca noA nanepoM cmbch 0,4- 

- 0,5. BoAorasoBaa CMecb saKaMHBaeTca qepes CKBasHHy' b 
25 njiacT. 9BejiHMeHHe oxBaia HeipTBHocHoro nAacia npw BHiecHe- 

HMH HeipTH BOAorasoBofl cMecbD H npHJieraDHHM SKcnjiyaiaqHOH- 

HHM CKBaSHHaM npHBOAHT K AOnOJIHHTeJIbHOMy He(pTeH3BJieqeHHH) 
H3 HeipTaHOfi SaJIBBH H nOBHDieHHH) KOadllpHUHeHTa HBIpTeOTAaMH. 

npeHMynecTBa MeioAa: 
30 - B03M0BH0CTb HCHOJibsoBaHHa AJia paspafioTKH MeCTOpOBAeHHfl 
c TpyAHOHSBJieKaeMHMM sanacaMH, AJia HSBJieweHHa HeiDTM h3 
HeoAHopoAHHX H cjiaSonpoHHuaeMHX njiacTOB; 

- ynpomeHHe lexHOJiorHH. oTcyicTBHe Heo6xoAHMocTH npHMSHe- 
HHa cneuHajibHoa HaseMHofi tbxhhkh AJia noAroioBKH rasa 

35 BHcoKoro AaBJieHHa; 

- cyiecTBeHHaa SKOHOMHa MaTepHajibHo-TexHwqecKHx cpbactb 
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- HeHgsHocTb SojibDiHx KanHTajioBJioaeHHft npH BHeapeHHH mbto- 

fla B npOMHCJlOBHX gCJlOBHflX, 
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(DopMyjia M3o6peTeHHfl 

1. Cnoco6 paspaSoTKH H8(pTaHoro njiacia, BKJiDwaiiUHft aa- 
Kaqny boah h raaa b HeipTflHoft njiacT OHHoepeMeHHo no paa- 

JiejIbHHM JIHHHflM C nOCJieflyBUHM CMeiDHBaHHeM HX saeKTHpoBaHH- 

BM Ha sajiaHHOfl rjigfiHHe, OTJiHqaDiiiHfica tbm, mto 
MTo B raaoByn jihhhb aaKaMHBaDT npeflBapHiejibHo nojiyMeHHyn 
Ha ycTbe CKsajKHHn CTafiHJibHyiD rasoBOflaHyiD neny, dphmbm aa- 
KaqKy ee Benyi ro o6pa6aTHBaeMoro HHTepsajia nepipopaqHH, 

FAB CMBUHBaBT nSHy H BOfly B BHCOKOHanopHOM CTpyftHOM HHB8- 

KTope, a nojiyqeHHyn BOfloraaoByn CMecb saKaMHBaDT b njiacT 
noA BosfleftCTBHBM ynpyrHX K0Jie6aHHft. 

2. Cnoco6 non.l, OTjiHqaBiHflcfl tbm, qro ne- 
ny Ha gcTbe nojiyqaBT saeKTHpoBaHHeii nyiBM no«aMH rasa noa 
flaBJiBHHeM 0,05-1,0 Mlla, a bobh - 10,0-30,0 Mlla. 

3. Cnocod no n.l, oTJiHMaBUHflca tbm, ^to 
BosAeflcTBHB ynpyrHMH KOJiefiaHHaMH npH saKaHKe b njiacT bo- 
RorasoBoft cmbch ocymecTBJiaBT rHflpOAHHaMHMecKHM renepaTO- 

POM. 
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(57) Abstract 

Water passes through a pump^ompressor pipe (3) to the inlet of 
the working nozzle of the bottom hole injector (2). Oae-water foam 
from a low-prefiflure ^jeetor (1) is pumped into the apaoe (6) betweoo 
the pipes. A water-gas mixture wi^ an acceptable gas CTPtfflt and 
the requisite high iijection pressure into the seam is formed below 
the packer (4) at the ouUet of the difiuser of the inj^t (2). The 
watery mixture passing through the hydrodynamic generator <6> 
produces elastic vibrations. The water-gas mixture is injected into 
the seam, the mixture effectively penetarating the pores and crevices 
of low per me a bil ity in tha reaervoir rock and a greater volume of the 
seam can be treated by the lAjection process. The propoeed method is 
recommended for the exploitation of fields where the reserves are 
hard to extract and for the extraction of oil from heterogeneous 
aeama of low permeability. The method permits tt» use of sim|der 
technology, ainoe it does not require specialixed equipment at the 
surface for handling high-pressure gas. It also allows a substantial 
saving in materials and equipment and no m^or fft pit ftl investment 
is needed when the method is applied under field conditions. 




(57) Abstract 



Water proceeds through the tubing (3) to the working nozzle inlet of the bottomhole in- 
jector (2) and a gas-water foam is then fed through the annulus (6) from a low-pressure ejector (1). 
A gas-water mixture with an acceptable gas content and the requisite high formation injection 
pressure is created under the packer (4) at the diffuser outlet of the injector (2). When it passes 
through the hydrodynamic generator (5), this gas-water mixture produces elastic vibrations. The 
gas-water mixture is injected into the formation, during which it efficiently infiltrates the reser- 
voir's poorly permeable pores and fissures. Injection is accomplished with an increase in forma- 
tion treatment coverage. 

The method at hand is recommended for the development of fields that have hard-to- 
recover reserves, as well as for the extraction of oil from inhomogeneous and poorly permeable 
formations. This method simplifies the process, since it does not require the use of special surface 
equipment for high-pressure gas preparation. It affords considerable savings of materials and 
equipment, nor are any large capital investments involved in the subject technique's introduction 
under field conditions. 
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METHOD FOR THE DEVELOPMENT OF AN OH. FORMATION 

The invention at hand pertains to the oil-producing industry and can be 
used during the development of oil fields that have hard-to-recover oil re- 
serves. 

Methods already exist for the development of oil fields using gas-water 
formation treatment [Union of Soviet Socialist Republics (USSR) Inventor's 
Certificate No. 1546618, International Patent Classification (IPC) E21B 
43/22, 1990; United States (US) Patent No. 3882940, National Patent Classi- 
fication (NPC) 166-273, 1975]. 

One shortcoming of these known methods consists of the poor effi- 
ciency of the development of oil fields that have hard-to-recover oil reserves. 

An oil formation development method already exists that includes the 
injection of water and gas into the oil formation at the same time through dif- 
ferent lines and their subsequent mixing by means of ejection at a predeter- 
mined depth (USSR Inventor's Certificate No. 1810505, IPC E21B 43/22, 
1993). The shortcomings of this method consist of the low consumption gas 
content of the prepared gas-water mixture, which is due to the jet ejector's 
inability to simultaneously achieve a high injection factor value and the req- 
uisite mixture formation injection pressure under these conditions, and the 
poor efficiency of inhomogeneous and poorly permeable formation treatment 
coverage, together with considerable the cost of materials, which are due to 
the need for using special surface hardware and equipment to prepare the 
high-pressure gas at the wellhead. 

The objective of the invention at hand consists of enhancing the effi- 
ciency of oil displacement fi-om a formation by means of increasing inhomo- 
geneous and poorly permeable formation treatment coverage, while simulta- 
neously improving the efficiency of gas-water mixture preparation and injec- 
tion into a formation, expanding the technique's applicability as far as well 
geophysical conditions, simplifying the process, and reducing the material 
costs. 
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This objective is achieved by virtue of the fact that, within an existing 
oil formation development method that includes the injection of water and 
gas into an oil formation at the same time through separate lines, with their 
subsequent mixing by means of ejection at a predetermined depth, the inven- 
tion at hand calls for a stable gas-water foam generated beforehand at the 
wellhead to be injected into the gas line. This foam is then injected to the 
perforation interval being treated, where it is mixed with water in a high- 
pressure jet injector, with the resultant gas-water mixture being injected into 
the formation under the influence of elastic vibrations. Here: 

a) The foam is best generated at the wellhead by means ejection, with 
the gas being delivered at a pressure of 0.05-1.0 megapascals (MPa) and the 
water at a pressure of 10.0-30.0 MPa. 

b) The elastic vibration effect associated with gas-water mixture injec- 
tion into a formation is best achieved using a hydrodynamic generator. 

Using the proposed method: a pressure adequate for the efficient jet 
blending of a gas-water mixture with a sufficiently high consumption gas 
content and formation injection pressure is created within a gas-water foam at 
the jet injector inlet at the well bottomhole depth under the influence of gravi- 
tation; since the mobility of the gas within the foam system is significantly 
reduced, the separation of the gas-water mixture as it moves along the well 
vent is precluded; the influence of the low-frequency elastic vibrations results 
in supplemental dispersion and enhances the stability of the gas-liquid sys- 
tem's creation, in addition to which it facilitates the more efficient penetra- 
tion of the gas bubbles and water into the formation reservoir pores along the 
well's entire perforation interval, thereby leading to an increase in inhomoge- 
neous and poorly permeable formation coverage by the displacement process 
and ultimately to an increase in the oil recovery factor. 

The lack of the necessity of preparing a high-pressure gas at the well- 
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head appreciably simplifies the process and results in considerable savings of 
materials and equipment, as well as the needlessness of substantial capital in- 
vestments for the method's introduction. 

An apparatus that facilitates the use of the proposed method is shown in 
the illustration. 

This device contains a jet ejector, 1, with low-pressure operating char- 
acteristics and an increased gas injection factor value, which is installed at the 
well annulus inlet, a jet bottomhole injector, 2, with high-pressure operating 
characteristics and an intermediate injection factor value, which is installed 
within the tubing, 3, that is lowered into the well above the packer, 4, and a 
hydrodynamic generator, 5, which is installed at the injector outlet above 
packer 4 at the formation perforation interval depth. The annulus, 6, serves 
as the gas line. 

The method under discussion is used in the following manner. Hydro- 
dynamic generator 5, packer 4, and jet injector 2 are lowered into a well to 
the perforation interval depth within tubing 3. At the wellhead, tubing 3 is 
joined to a water line and pipe-mounted low-pressure jet ejector 1 , the work- 
ing nozzle inlet of which is connected to a high-pressure water line, is also 
connected to the annulus inlet, while the mixing chamber inlet is connected to 
a low-pressure gas line. During the initial step, before well annulus 6 is filled 
with foam, the well is pressurized, to which end a compressor is first con- 
nected to the gas line. Thereaflier, water is fed to ejector 1 's working nozzle 
at a high pressure (10-30 MPa), while gas is fed into the mixing chamber at a 
low pressure (0.05-1.0 MPa). When the high-pressure water is sprayed, a 
foam with a high consumption gas content is formed within low-pressure jet 
ejector 1, which is then fed into well aimulus 6 at a high forward pressure. In 
order to improve foam generation and increase the gas-water mixture's stabil- 
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ity, surfactants and foam-stabilizing agents are added to the water. This wa- 
ter is fed through tubing 3 to the working nozzle inlet of bottomhole injector 
2, while the gas-water foam from low-pressure ejector 1 is fed through annu- 
lus 6 to the mixing chamber inlet of bottomhole injector 2. The pressure of 
the gas-water foam increases as it moves through the hole deeper into the 
well and uhimately becomes high enough to facilitate efficient jet injection at 
the bottomhole depth above packer 4, so that a gas-water mixture with an ac- 
ceptable gas content and the requisite high formation injection pressure is 
created under packer 4 at injector 2's dififuser outlet. In passing through hy- 
drodynamic generator 5, the gas-water mixture produces elastic vibrations; 
thus, it is supplementally dispersed and stabilized within the generator as a 
result of vortical and dynamic processes. The gas-water mixture is injected 
into the formation under the influence of pressure fluctuations, during which 
it efficiently penetrates the reservoir's poorly permeable pores and fissures; 
therefore, injection is accomplished with an increase in formation treatment 
coverage. 

Under certain conditions wherein the water pressure at the wellhead is 
insufficient, the gas-water mixture is injected into the formation without a 
special generator in the elastic vibration field created during the operation of 
bottomhole injector 2. 

An actual example of this method's use is presented below: 
Let's assume that an oil pool is being exploited via the artificial maintenance 
of formation pressure and that development and injection wells are being 
drilled in rows. There is an injection well with a 5-inch column, the perfora- 
tion interval depth is 2,700 meters (m), and the injectivity is 300 cubic meters 
(m^) per day at a bottomhole injection pressure of 28 MPa. A string of 2-inch 
tubing with a bottomhole jet injector, a packer, and a hydrodynamic generator 
installed therein is lowered into the well. The jet injector and the hydrody- 
namic generator are the ARMS-MEDIT type. The generator and packer 
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placement depths are 2,705 m and 2,700 m, respectively. The packer is 
seated. The characteristics of the bottomhole jet injector are set using the 
ARMS-MEDIT procedure based on the conditions of gas-water mixture in- 
jection into the formation and correspond to a wellhead water pressure in the 
water line of 18 MPa. The generator pressure fluctuation frequency and am- 
plitude were selected so as to match the geophysical conditions in place 
within a given field using the procedure at the disposal of the authors of this 
patent. The well annulus is connected to a pipe junction within which a low- 
pressure jet ejector has been installed that ensures water and low-pressure gas 
mixing, during which the consumption gas content in the resultant foam is 
0.65-0.8. Following well pressurization, an associated gas line is connected 
to the ejector's mixing chamber inlet, while the ejector's working nozzle inlet 
and the tubing are joined to the water line. A gas-water foam is generated 
within the jet ejector that proceeds to the well annulus at a pressure of 0.3-0.5 
MPa. The pressure of the gas-water foam at the well bottomhole above the 
packer reaches 8-9 MPa. Inside the bottomhole injector, the foam is mixed 
with the water that arrives through the tubing. The resultant mixture moves 
under the packer at a pressure of 28.5 MPa and a flow rate of 3.5 cubic inches 
(in^) per second (sec), which matches the well's injectivity under these condi- 
tions. The consumption gas content of the mixture formed under the packer 
is 0.4-0.5. The gas-water mixture is injected through the well into the forma- 
tion. The increase in oil-bearing formation coverage during oil displacement 
by the gas- water mixture and the adjacent development wells results in sup- 
plemental oil extraction from the oil pool and an increase in the oil recovery 
factor. 

The advantages of this technique consist of: 

- the possibility of its use to develop fields that have hard-to-recover re- 
serves, as well as to extract oil from inhomogeneous and poorly permeable 
formations; 

- the simplification of the process and the lack of a need for using spe- 
cial surface equipment to prepare the high-pressure gas; 
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- the considerable savings of materials and equipment when this tech- 
nique is used, and; , • u 

- the needlessness of large capital investments during the subject tech- 
nique's introduction under field conditions. 
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1. This method for the development of an oil formation, which in- 
cludes the injection of water and gas into the oil formation at the same time 
through separate lines, with their subsequent mixing by means of ejection at a 
predetermined depth, is distinctive in that a stable gas-water foam pre- 
viously prepared at the wellhead is injected into the gas line. Here, this foam 
is injected to the perforation interval being treated, where the foam and water 
are blended within a high-pressure jet injector and the resultant gas-water 
mixture is injected into the formation under the influence of elastic vibra- 
tions. 

2. The method described in paragraph 1 is distinctive in that the 
foam is generated at the wellhead via ejection by means of delivering the gas 
at a pressure of 0.05-1 .0 MPa and the water at a pressure of 10.0-30.0 MPa. 

3 . The method described in paragraph 1 is distinctive in that a 
hydrodynamic generator creates the elastic vibration effect associated with 
the injection of the gas- water mixture into a formation. 
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